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THERAPEUTIC AGENT OR PROPHYLACTIC
AGENT FOR INFLAMMATORY BOWEL
DISEASE COMPRISING AMINO ALCOHOL
DERIVATIVE AS ACTIVE INGREDIENT

TECHNICAL FIELD

The present invention relates to a therapeutic agent for
inflammatory bowel disease, which comprises an amino alco-
hol derivative, a pharmacologically acceptable salt thereof or
hydrate thereot as an active mngredient, or a method for treat-
ing inflammatory bowel disease.

10

BACKGROUND OF THE INVENTION

15

Inflammatory bowel disease, wherein Crohn’s disease and
ulcerative colitis are 1ts main typical diseases, 1s an intractable
disease which occurs at a relatively young generation and
causes symptoms such as abdominal pain, fever, diarrheaand ,,
melena. Crohn’s disease 1s a idiopathic granulomatous
inflammatory disorder in which lesion progresses from ulcer,
fibrosis and then to stricture, 1n discontinuously from mucosa
to whole layers of intestinal tract through all digestive tracts
from mouth to anus, and 1s defined as a disorder that shows 25
systemic symptoms such as abdominal pain, chronic diar-
rhea, fever and malnutrition. Also, ulcerative colitis 1s an
idiopathic diffuse non-specific mflammation of the large
intestine, which mainly affects mucosa and frequently forms
erosion and ulcer and 1s a disease which shows various gen- 30
cral symptoms including bloody diarrhea. Other inflamma-
tory bowel diseases, namely enteritis occurring in small intes-
tine or large intestine, include intestinal Behcet’s disease,
hemorrhagic rectal ulcer, pouchitis and the like. Regarding
the cause of inflammatory bowel disease, 1t 1s considered that 35
an abnormal immune function 1s concerned, but its exact
cause 1s not known yet (Non-patent Reference 1 and 2).

Immunosuppressants, steroids, salazosulfa-pyridine,
mesalazine and the like are used in the medication of intlam-
matory bowel disease. Regarding the immunosuppressants, it 40
1s said that antimetabolites, particularly azathiopurine,
6-mercaptopurine and the like, are effective for Crohn’s dis-
case, but these are low 1n the clinical effect at early stage of
administration and frequently show side effects such as
allergy, pancreatitis and leukopenia. Ciclosporin at a high 45
dose shows therapeutic effect for inflammatory and fistula
diseases, but 1ts long-term use 1s contraindication because of
various toxicities. A monoclonal antibody or intliximab
which 1nhibits tumor necrosis factor 1s used by intravenous
injection for moderate or severe Crohn’s disease (particularly 50
accompanied by fistulas) having resistance to other treat-
ments, but 1ts long-term effects and side effects have not been
revealed. As the other convincing immune regulation therapy,
an interleukin-1 mhibitor, an antibody for interleukin-12, an
ant1-CD4 antibody, an adherent molecule inhibitor, a down 55
regulatory cytokine or a monoclonal antibody for tumor
necrosis factor have been tried. Though there are many such
experiential therapeutic approaches, the current drug therapy
for inflammatory bowel disease 1s imperiect. Accordingly, 1t
has been hoped the development of a medicine which 1s 60
turther effective with high safety (Non-patent References 3, 4
and 5).

Non-patent Reference 1: Research and Study Group on Spe-
cific Disease Intractable Inflammatory Intestinal Disease,
Ministry of Wellare, Research Report 1n 1997 65

Non-patent Reference 2: New Engl. . Med., 2002, 347: 417/ -
429

2

Non-patent Reference 3: Am. J. Gastroenterol., 2001, 96;
1977-1997

Non-patent Reference 4: Nucl. Med. Commun., 2003, 26:
649-655

Non-patent Reference 5: Saishin Igaku (Newest Medical Sci-

ence), 2004, 59: 1070-1075

DISCLOSURE OF THE INVENTION

Problems that the Invention 1s to Solve

An object of the invention 1s to provide a therapeutic agent
for inflammatory bowel disease comprising an amino alcohol
derivative as an active ingredient or a method for treating
inflammatory bowel disease.

Means for Solving the Problems

The present mventors have found that a specific amino
alcohol derivative 1s useful 1n treating inflammatory bowel
diseases (Crohn’s disease, ulcerative colitis and the like) and
thereby accomplished the invention.

Specifically, the invention relates to:

1) a therapeutic agent or prophylactic agent for inflammatory
bowel disease, comprising as an active ingredient an amino
alcohol derivative or a pharmaceutically acceptable salt or
hydrate thereof, wherein the amino alcohol dernvative 1s rep-
resented by the general formula (1),

|Chemuical formula 1]

(1)
R! X RZ

X X NI,

OH
P s \(CHz)H/N/\

R3

[wherein R' represents a chlorine atom or a straight-chain
alkyl group having 1 to 3 carbon atoms or trifluoromethyl
group, R* represents a fluorine atom or a chlorine atom, R>
represents a straight-chain alkyl group having 1 to 3 carbon
atoms, X represents an oxygen atom or a sulfur atom, and n
denotes 2 or 3],

2) the therapeutic agent or prophylactic agent for inflamma-
tory bowel disease, comprising as an active ingredient the
amino alcohol derivative according to 1), or a pharmaceuti-
cally acceptable salt or hydrate thereof, wherein the com-
pound represented by the general formula (1) 1s a compound
represented by the general formula (1a),

|Chemuical formula 2|

E;C X Cl
NH,
);/\ OH
(CHyn™ =
R3

[wherein R®, X, and n are as described above],

3) the therapeutic agent or prophylactic agent for inflamma-
tory bowel disease, comprising as an active ingredient the
amino alcohol derivative according to 1) or 2), or a pharma-
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ceutically acceptable salt or hydrate thereof, wherein 1n the
general formula (1a), R? is a methyl group,
4) the therapeutic agent or prophylactic agent for inflamma-
tory bowel disease, comprising as an active ingredient the
amino alcohol derivative according to 1), or a pharmaceuti-
cally acceptable salt or hydrate thereof, wherein the com-
pound represented by the general formula (1) 1s,
(R)-2-amino-3-|2-chloro-4-(3-trifluoromethylphenoxy )phe-
nyl]-2-methylpentan-1-ol,
(R)-2-amino-5-[2-chloro-4-(3-trifluoromethylphenylthio)
phenyl]-2-methylpentan-1-ol,
(R)-2-amino-4-|2-chloro-4-(3-trifluoromethylphenoxy )phe-
nyl]-2-methylbutan-1-01,
(R)-2-amino-4-[2-chloro-4-(3-trifluoromethylphenylthio)
phenyl]-2-methylbutan-1-ol,
(R)-2-amino-5-[2-chloro-4-(3-cthylphenylthio)phenyl]-2-
methylpentan-1-ol,
(R)-2-amino-35-|2-fluoro-4-(3-trifluoromethylphenylthio)
phenyl]-2-methylpentan-1-01, or
(R)-2-amino-5-[2-chloro-4-(3-trifluoromethylphenylthio)
phenyl]-2-propylpentan-1-ol,
5) a therapeutic agent or prophylactic agent for inflammatory

bowel disease, comprising as an active ingredient an optically
acttve amino alcohol dervative, or a pharmaceutically

acceptable salt or hydrate thereof, being obtainable by a step
of allowing a compound represented by the general formula

(2),

|Chemical formula 3|

(2)
Rl

\‘/\/X\‘/\/ R
N N Cliy A

[wherein R" represents a chlorine atom or a straight-chain
alkyl group having 1 to 3 carbon atoms or trifluoromethyl
group, R* represents a fluorine atom or a chlorine atom, A
represents a halogen atom, X represents an oxygen atom or a
sulfur atom, and n denotes 2 or 3] and a compound repre-
sented by the general formula (10),

|Chemical formula 4|

(10)

OR*

S —

[wherein R represents a straight-chain alkyl group having 1
to 3 carbon atoms and R* represents an alkyl group having 1
to 6 carbon atoms] to act 1n the presence of a base, and a step
ol subjecting the resultant product to acidolysis, then further
protecting a nitrogen atom with a t-butoxycarbonyl group,
reducing, and deprotecting the nitrogen atom], and

6) a method of treating or preventing inflammatory bowel
disease, the method comprising administrating the amino
alcohol derivative according to any one of 1) to 5), or a
pharmaceutically acceptable salt or hydrate thereof
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4
ADVANTAGE OF THE INVENTION

According to the invention, 1t became possible to provide a
therapeutic agent or prophylactic agent for mnflammatory
bowel diseases (Crohn’s disease, ulcerative colitis, intestinal
Behcet’s disease, hemorrhagic rectal ulcer, pouchitis and the
like), which shows fewer side effects.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

In the present invention, the straight-chain alkyl group
having 1 to 3 carbon atoms of R' and R” is a methyl group, an
cthyl group, or an n-propyl group.

From the perspective of obtaining high safety, R' is pref-
erably an ethyl group, a propyl group, or a trifluoromethyl
group, and more preferably is a trifluoromethyl group. Fur-
thermore, R is preferably a methyl group, and n is preferably
3.

Furthermore, the configuration of R” is preferably a con-

figuration produced as the principal product via the below-
described synthesis route B (using the compound (10)).

In the present invention, examples ol pharmaceutically
acceptable salts include acid addition salts such as hydrochlo-
ride salts, hydrobromic acid salts, acetic acid salts, trifluoro-
acetic acid salts, methanesulfonic acid salts, citric acid salts,
or tartaric acid salts.

The active ingredient of the therapeutic agent or prophy-
lactic agent according to the present invention represented by
the general formula (1) can be produced, for example, via the
synthesis route A shown below.

<Synthesis Route A>

|Chemical formula 5]

R’ A-2
CO,R*
(3)
R! X R?
TR
R A-3
COH —*
7 (CHmf\/ 2
CO,R*
(4)
R! X R?
‘ ‘ NHCOZR54 A4
CO,R*Y —™
\/ \/\(CHZ)H

(5)
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S
| -continu;ad
R X R
\(\/ NHCO,R
A-5
OH —*
\/\(CHZ)H/\
R3
(6)
R! X R?
‘ X \‘/\/ NI,
OH
P \/\(CHg)H |
R

(1)

In the synthesis route A, the compound represented by the
general formula (3),

|Chemical formula 6]

(3)

R! X R?
\ /
R3
CO,R?
- CHyn—"
CO,R*

[wherein R', R*, R°, R*, X and n are as described above], can
be produced by allowing a compound represented by the
general formula (2),

|Chemical formula 7|

(2)
Rl

N N

X
N

A o4

(CHy )

[wherein R', R*, A, X, and n are as described above], and a
compound represented by the general formula (7),

|Chemical formula 8]

(7)

[wherein R° and R* are as described above] to act in the
presence of a base (step A-1).

The reaction can be carried out using methanol, ethanol,
1,4-dioxane, dimethylsulfoxide (DMSQO), N,N-dimethylior-
mamide (DMF), tetrahydroturan (THF) or the like as a reac-
tion solvent, in the presence of an inorganic base such as
sodium hydrnde, potassium hydnde, sodium methoxide,
sodium ethoxide, sodium t-butoxide, potassium methoxide,
potassium ethoxide, potassium t-butoxide, or potassium car-
bonate, at 0° C. to retlux temperature as the reaction tempera-
ture, and preterably at 80° C. to 100° C.

In the synthesis route A, the compound represented by the
general formula (4),
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|Chemuical formula 9]

(4)

R! X R?
\ e
R3
CO,H
= <CH2)H—~/
CO,R*

[wherein R', R, R?, R* X, and n are as described above], can
be produced by hydrolyzing the compound represented by the
general formula (3) (step A-2).

The reaction can be carried out 1n the presence of a base
such as aqueous sodium hydroxide, aqueous potassium
hydroxide, or aqueous lithium hydroxide, using methanol,
ethanol, 1,4-dioxane, DMF, DMSO, THF or the like as a
reaction solvent, at a reaction temperature of 0° C. to reflux
temperature. Preferably, the reaction 1s carried out using
potassium hydroxide as the base, 1n an ethanol solvent, by
reacting at 50° C.

Although the compound according to the present invention
1s preferably a specific optically-active substance, when the
optical resolution 1s carried out 1s not especially limited. At
this stage, optical resolution may be carried out by HPLC
using a chiral column, whereby the desired compound having
a chiral center can be obtained.

In the synthesis route A, the compound represented by the
general formula (5),

|Chemuical formula 10]

(9)
R! X

X"
F

NHCO,R?
CO,R?

(CHp)m

R3

[wherein R> represents an alkyl group having 1 to 6 carbon
atoms, and R', R*, R>, R* X, and n are as described above],
can be produced by subjecting the compound represented by
the general formula (4) to Curtius rearrangement (step A-3).

In the reaction, typical methods for converting a carboxyl
group 1nto a carbamate may be employed. For example, a
method which combines, for example, chloroethyl carbonate
and NaN,, or oxalyl chloride and NaN,, or a method which
uses only diphenylphosphoryl azide (DPPA) may be utilized.
The reaction 1s preferably carried out by, after heating diphe-
nylphosphoryl azide to retflux 1n the presence of an organic
base, such as triethylamine, 1n benzene or toluene solvent,
charging the resultant product with an alcohol represented by
the general formula (8),

R°OH (8)

[herein R is as described above], and continuing to heat the
resultant solution under stirring, or, after removing the sol-
vent used in the above reaction, such as benzene or toluene, by
evaporation, by heating to reflux using the alcohol repre-
sented by the general formula (8) as a reaction solvent.

At this stage, optical resolution may be carried out by
HPLC using a chiral column, whereby the desired compound
having a chiral center can be obtained.

In the synthesis route A, the compound represented by the
general formula (6),
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|Chemical formula 11]
R! PN X R? ®
\‘ Xy \‘ X NHCO,R S
OH
\/ P (CHz)”/t/‘\
R

[wherein R, R*, R®, R°, X, and n are as described above], can
be produced by reducing the compound represented by the

general formula (35) (step A-4).

The reaction can be carried out using borane, an alkyl
borane derivative like 9-borabicyclo[3.3.1 Jnonane (9-BBN),
or a metal hydride complex compound, such as diisobutyla-
luminum hydrnide ((1Bu),AlH), sodium borohydride
(NaBH,), lithium borohydride (LiBH,), and lithium aluma-
num hydnde (Li1AlH,), preferably LiBH_, using THE, 1.4-
dioxane, ethanol, or methanol as a reaction solvent, at a tem-
perature of 0° C. toretlux temperature, and preferably at room
temperature.

Furthermore, at this stage also, optical resolution may be
carried out by HPLC using a chiral column, whereby the
desired compound having a chiral center can be obtained.

In the synthesis route A, the compound represented by the
general formula (1) can be produced by subjecting the com-
pound represented by the general formula (6) to acidolysis or
hydrolysis (step A-5).

The reaction can be carried out at room temperature to
reflux temperatures 1n an 1norganic acid or organic acid, such
as hydrochloric acid, hydrobromic acid, methanesulfonic
acid, acetic acid, and trifluoroacetic acid, or at room tempera-
ture to retlux temperature by adding an organic solvent such
as methanol, ethanol, THF, or 1,4-dioxane to an norganic
acid or organic acid, such as hydrochloric acid, hydrobromic
acid, methanesulfonic acid, acetic acid, and trifluoroacetic
acid. The reaction may also be carried out 1n the presence of
a base such as aqueous sodium hydroxide, aqueous potassium
hydroxide, and aqueous lithium hydroxide, using methanol,
ethanol, THF, 1.4-dioxane, DMSO, or DMF as a reaction

solvent, at a temperature of 0° C. to retlux temperature, and
preferably 80 to 100° C.

In the synthesis route A, among the compounds repre-
sented by the general formula (5), compounds in which R>
represents a t-butyl group, specifically, a compound repre-
sented by the general formula (5a),

|Chemical formula 12]

HBoc
)/cozpﬁ
(CHp)m

R}

(5a)
Rl

XY
F

[wherein Boc represents a t-butoxycarbonyl group, and R,
R?, R°, R* X, and n are as described above], and among the
compounds represented by the general formula (6) 1n the
synthesis route A, compounds in which R represents a t-butyl
group, specifically, a compound represented by the general
formula (6a),
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|Chemuical formula 13]

(6a)
R! X R?
X NHBoc
o
- (CHyn” £
R3

[wherein R', R*, R®, X, Boc, and n are as described abovel],
can be produced by the synthesis route B.

<Synthesis Route B>

|Chemuical formula 14]

OR?
N
)‘\/‘
N
40
R X B3
[ ] [ :[ A (10)
(CHayi™~ B1 g
(2)
R? R*O
U \@i :AE B-2
(CH>)# OR*
(9)
R! X RZ
XN XY NHBoc
‘ ‘ CO,R? B-3
7 NN i
R3
(da)
Rl

\‘/\/X\‘/\/R2
N N (CHz)H)-/\ OH

30¢

(6a)

In the synthesis route B, the compound represented by the
general formula (9),

|Chemuical formula 15]

®)

O
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[wherein R', R*,R>, R*, X, and n are as described above], can
be produced by allowing a compound represented by the
general formula (2) and a compound represented by the gen-
eral formula (10),

|Chemuical formula 16]
(10)

—7

o —

R3

[wherein R> and R* are as described above] to react in the
presence of a base (step B-1).

The reaction can be carried out using a reaction solvent
such as 1,4-dioxane, THF, and ether, using a base such as
n-butyllithium or lithium duisopropyl amide, preferably n-bu-
tyllithtum, and treating a compound represented by the gen-
eral formula (10) at -78° C., then allowing a compound
represented by general formula (2) to react at —=78° C., and
reacting while gradually increasing the temperature to room
temperature.

In the synthesis route B, the compound represented by the
general formula (3a) can be produced by subjecting a com-
pound represented by the general formula (9) to acidolysis,
and then protecting the nitrogen atom with a t-butoxycarbo-
nyl group (Boc group) (step B-2).

In the reaction, an amino ester can be obtained using
methanol, ethanol, THF, 1,4-dioxane, or ethyl acetate in
which hydrochloric acid 1s dissolved, and preferably 1.4-
dioxane containing hydrochloric acid, by reacting at reflux
temperature, then neutralizing with a base. Furthermore, 1t 1s
preferred to allowing 1t to react with Boc,O at 0° C. to room
temperature using ethyl acetate, THF, DMF, 1,4-dioxane,
methylene chloride, chlorotorm, methanol, ethanol, acetoni-
trile or the like as a solvent.

In the synthesis route B, the compound represented by the
general formula (6a) can be produced by reducing a com-
pound represented by the general formula (3a) (step B-3).

The reaction can be carried out using borane, an alkyl
borane dervative like 9-BBN, or a metal hydride complex
compound, such as (1Bu),AlH, NaBH_,, LiBH,, and L1AIH,,
preterably LiBH,, using THF, 1,4-dioxane, ethanol, or
methanol as a reaction solvent, at a temperature of 0° C. to
reflux temperature, and preferably at room temperature.

It 1s noted that concerning the synthesis method of the
compound represented by the general formula (2), the com-
pound may be produced by the methods described in the
respective pamphlets of WO 03029184, WO 030292035, WO
040268177, WO 04074297, and WO 0504447780.

The therapeutic agent or prophylactic agent for inflamma-
tory bowel diseases, which comprises the compound obtained
in this manner as an active ingredient, 1s systemically or
topically admimistered orally or parenterally. Dosage form of
the compound can be changed in response to the properties of
the compound, and 1t 1s possible to be prepared as an oral
preparation or a parenteral preparation. That 1s, granules,
powders, tablets, capsules, syrups, suppositories, suspen-
s1ons, solutions and the like can be prepared by mixing the
active ingredient with physiologically acceptable carriers,
fillers, binders, diluents and the like.
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The inflammatory bowel disease according to the invention
means enteritis which occurs 1n small intestine or large intes-
tine, and Crohn’s disease, ulcerative colitis, intestinal Beh-
cet’s disease, hemorrhagic rectal ulcer, pouchitis and the like
can be exemplified.

As the climical dose, though 1t changes depending on the
body weight, age and the condition to be treated, 1t 1s gener-
ally from 0.01 to 100 mg, preferably from 0.1 to S mg, per one
person as the amount per once, and from 1 to 3 times per day
1s convenient.

EXAMPLES

The present invention will be described with the following
specific examples. However, the present invention 1s not lim-
ited by these examples.

Furthermore, as the intermediates and the like represented
by the general formula (2), the compounds 1n the pamphlets
of WO 03029184, WO 03029205, WO 04026817, WO
04074297, and WO 030444780 may be utilized. Further-
more, (3S)-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihydro-
pyrazine, (55)-3,6-dimethoxy-5-1sopropyl-2-methyl-2,5-di-
hydropyrazine, and (55)-2-allyl-3,6-diethoxy-5-1sopropyl-2,
S-dihydropyrazine were synthesized according to Ulrich
Shollkopt et. al, Synthesis 969 (1981) and Chunrong Ma et.
al., J. Org. Chem., 66,4525 (2001). Intermediates and the like
which were newly synthesized based on the experiment pro-
cedures described 1n these reference documents will now be
described as the following reference examples.

Retference Example 1

2-Fluoro-4-(3-trifluoromethylphenylthio)benzalde-

hyde
|Chemical formula 17]
F3C\ ‘/'\ /S\ ‘/\ /F
A N o

Under an argon atmosphere, ethyldiisopropylamine (7.0
mL), tris(dibenzylideneacetone)dipalladium(0) chloroform
adduct (518 mg), xantphos (578 mg), and 3-trifluorometh-
ylthiophenol (3.56 g) were added at room temperature into a
solution of 4-bromo-2-fluorobenzaldehyde (4.06 g) 1n 1,4-
dioxane (42 mL), and the resultant solution was heated to
reflux for 5 hours. To the reaction solution added water,
extracted with ethyl acetate, washed with water and saturated
brine 1n that order, and then dried over anhydrous sodium
sulfate. The solvent was evaporated, and the resultant residue
was purified by silica gel column chromatography (hexane:
cthyl acetate=30:1) to obtain the target product (4.08 g) as a
colorless oil.

'H-NMR (CDCl,, 400 MHz): & 6.86 (1H, dd, J=10, 1.8
Hz), 7.02 (1H, dd, J=7.9, 1.8 Hz), 7.58 (1H, t, J=7.9 Hz),
7.68-7.73 (2H, m), 7.76 (1H, 1, J=7.9 Hz), 7.80 (1H, s), 10.26
(1H, s)

EIMS (+): 300 [M]*.
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Retference Example 2

2-Chloro-4-(3-chlorophenylthio)benzaldehyde

|Chemuical formula 18]

Cl S Cl

CHO

3-Chlorobenzenethiol and 2-chloro-4-fluorobenzaldehyde
were reacted according to the same experiment procedures as

in Reference Example 1 of the pamphlet of WO 03029205 to
obtain the target product as a colorless o1l.

"H-NMR (CDCl,, 400 MHz): & 7.11 (1H, dd, J=9.2, 1.8
Hz), 7.17 (1H, d, J=1.8 Hz), 7.36-7.44 (3H, m), 7.52 (1H, t,
J=1.8 Hz), 7.80 (1H, d, J=7.9 Hz), 10.37 (1H, s)

EIMS (+): 282 [M]".

Reterence Example 3

2-Chloro-4-(3-methylphenoxy)benzaldehyde

|Chemuical formula 19]
\‘/'\/ O\‘/'\/ !
NF N oo
m-Cresol and 2-chloro-4-fluorobenzaldehyde were

reacted according to the same experiment procedures as in
Reference Example 1 of the pamphlet of WO 03029184 to
obtain the target product as a colorless powder.

'"H-NMR (CDCl,, 400 MHz): & 2.38 (3H, s), 6.87-6.96
(4H, m), 7.07 (1H, d, J=7.3 Hz), 7.31 (1H, t, J=7.6 Hz), 7.90
(1H, d, J=8.6 Hz), 10.36 (1H, s).

EIMS (+): 246 [M]".

Retference Example 4

2-Chloro-4-(3-ethylphenylthio)benzaldehyde

|Chemical formula 20]

/\‘/\/S\‘ o
N L .

3-Ethylbenzenethiol and 2-chloro-4-fluorobenzaldehyde

were reacted according to the same experiment procedures as
in Reference Example 1 of the pamphlet of WO 03029205 to
obtain the target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): 8 1.26 (31, 1, ]=7.3 Hz), 2.68
(2H, q, J=7.3 Hz), 7.04-7.11 (2H, m), 7.28-7.40 (4H, m), 7.76
(1H, d, J=8.6 Hz), 10.35 (1H, s).

BIMS (+): 276 [M]*.
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Retference Example 5

2-Chloro-4-(3-propylphenoxy)benzaldehyde

|Chemuical formula 21]
O Cl

F

CHO

3-Propylphenol and 2-chloro-4-fluorobenzaldehyde were

reacted according to the same experiment procedures as in
Retference Example 1 of the pamphlet of WO 03029184 to
obtain the target product as a pale brown oil.

'H-NMR (CDCl,, 400 MHz): & 0.95 (3H, t, J=7.3 Hz),
1.62-1.68 (2H, m), 2.61 (2H, t, J=7.3 Hz), 6.89-6.94 (3H, m),
6.96 (1H, d, J=2.1 Hz), 7.08 (1H, d, J=7.9 Hz), 7.31-7.35 (11,
m), 7.90 (1H, d, J=8.9 Hz), 10.36 (1H, d, J=0.6 Hz).

BIMS (+): 274 [M]*.

Retference Example 6

[2-Chloro-4-(3-ethylphenylthio )phenyl]acetaldehyde

|Chemical formula 22]

CHO

The compound of Reference Example 4 was reacted
according to the same experiment procedures as in Reference

Example 326 of the pamphlet of WO 04074297 to obtain the
target product as a pale yellow oil.

Retference Example 7

Ethyl
3-[2-chloro-4-(3-ethylphenylthio)phenyl]acrylate

|Chemical formula 23]
Cl

XN N R

\/\/\COzEt

F

The compound of Reference Example 4 was reacted
according to the same experiment procedures as in Reference

Example 10 of the pamphlet of WO 03029205 to obtain the
target product as a pale yellow oil.

BIMS (+): 346 [M]".
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Reference Example 8

3-[2-Chloro-4-(3-ethylphenylthio)phenyl]propan-1-
ol

|Chemuical formula 24 ]
Cl

P Vs VAN

N

S

OH

F

The compound of Reference Example 7 was reacted
according to the same experiment procedures as 1n Reference
Example 19 of the pamphlet of WO 03029205, and the result-
ant product was then reduced according to the same experi-
ment procedures as 1n Reference Example 35 of the pamphlet
of WO 030292035, to obtain the target product as a colorless
o1l.

"H-NMR (CDCl,, 400 MHz,): 4 1.22 (3H, t, I=7.3 Hz),
1.84-1.90 (2H, m), 2.62 (2H, q, JI=7.6 Hz), 2.78-2.82 (2H, m),
3.69 (2H, t, J=6.1 Hz), 7.10-7.18 (4H, m), 7.23-7.29 (3H, m).

Retference Example 9

3-[2-Chloro-4-(3-propylphenoxy)phenyl [propan-1-ol

|Chemuical formula 25]

AP P e s

N

NP

NN

The compound of Reference Example 5 was successively
reacted according to the same procedures as 1n Reference
Example 7 and then Reference Example 8 to obtain the target
product as a colorless oil.

"H-NMR (CDCl,, 400 MHz,): 3 0.94 (3H, t, I=7.3 Hz),
1.37 (1H, br s), 1.58-1.68 (2H, m), 1.85-1.92 (2H, m), 2.57
(2H, t, J=7.6 Hz), 2.80 (2H, t, JI=7.6 Hz), 3.70 (2H, dt, J=6.1,
4.6 Hz), 6.80-6.85 (3H, m), 6.95 (1H, d, J=7.9 Hz), 7.00 (1H,
d, I=2.8 Hz), 7.17 (1H, d, J=8.3 Hz), 7.24 (1H, t, JI=7.9 Hz).

EIMS (+): 304 [M]".

Reference Example 10

3-[2-Fluoro-4-(3-trifluoromethylphenylthio )phenyl]
propan-1-ol

|Chemuical formula 26]

OH

The compound of Reference Example 1 was successively
reacted according to the same procedures as 1n Reference
Example 7 and then Reference Example 8 to obtain the target
product as a colorless o1l.

5

10

15

20

25

30

35

40

45

50

55

60

65

14
'H-NMR (CDCl,, 400 MHz): & 1.88 (2H, tt, ]=6.7, 6.1 Hz),
2.75 (2H, t, 1=6.7 Hz), 3.69 (2H, t, J=6.1 Hz), 7.05 (1H, dd,
=10, 1.8 Hz), 7.10 (1H, dd, 1=7.9, 1.8 Hz), 7.20 (1H, t, ]=7.9
Hz), 7.38-7.51 (3H, m), 7.55 (1H, s).

Reference Example 11

3-[2-Chloro-4-(3-chlorophenylthio)phenyl [propan-1 -
ol

|Chemuical formula 27]

Cl S Cl

OH

The compound of Reference Example 2 was successively
reacted according to the same procedures as 1n Reference
Example 7 and then Reference Example 8 to obtain the target
product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): & 1.33 (1H, brs), 1.83-1.95
(2H, m), 2.81-2.85 (2H, m), 3.70 (2H, br s), 7.15-7.23 (SH,
m), 7.24-7.29 (1H, m), 7.38 (1H, d, J=1.8 Hz).

Reference Example 12

3-[2-Chloro-4-(3-methylphenoxy)phenyl]propan-1-ol

|Chemuical formula 28]

\‘/\/O\‘/\/Cl
N N NN

The compound of Reference Example 3 was successively
reacted according to the same procedures as 1n Reference
Example 7 and then Reference Example 8 to obtain the target

product as a colorless oil.

'"H-NMR (CDCl,, 400 MHz): 8 1.31 (1H, brs), 1.87-1.90
(2H, m), 2.34 (3H, s), 2.80 (2H, t, J=7.3 Hz), 3.70 (2H, dd,
J=11.6, 6.1 Hz), 6.79-6.86 (3H, m), 6.94 (1H, d, J=7.3 Hz),
6.99 (1H, d, I=2.4 Hz), 7.18 (1H, d, J=7.9 Hz), 7.22 (1H, t,
J=7.3 Hz).

EIMS (+): 276 [M]".

Reference Example 13

2-Chloro-4-(3-ethylphenylthio)-1-(2-10doethyl)ben-
Zene

|Chemuical formula 29]

X
F

The compound of Reference Example 6 was reacted
according to the same experiment procedures as in Reference
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Example 327 of the pamphlet of WO 04074297 to obtain the
target product as a colorless o1l.

'H-NMR (CDCl,, 400 MHz): 8 1.22 (31, t, ]=7.3 Hz), 2.63
(2H, q, J=7.3 Hz), 3.23-3.28 (2H, m), 3.32-3.35 (2H, m),
7.09-7.29 (7H, m).

EIMS (+): 402 [M]*.

Reference Example 14

2-Chloro-4-(3-ethylphenylthio)-1-(3-10dopropyl)

benzene
|Chemuical formula 30]
/\ ‘ X > N X -
S P I

The compound of Reference Example 8 was reacted

according to the same experiment procedures as in Reference
Example 164 of the pamphlet of WO 03029184 to obtain the

target product as a colorless o1l.

'H-NMR (CDCl,, 400 MHz): 8 1.22 (3H, 1, 1=7.3 Hz), 2.12
(2H, quintet, J=7.3 Hz), 2.63 (2H, q, ]=7.3 Hz), 2.81 (2, t.
1=7.3 Hz), 3.19 (2H, t, J=7.3 Hz), 7.09-7.19 (4H, m), 7.24-
7.28 (3H, m).

BIMS (+): 416 [M]*.

Reference Example 15

2-Chloro-1-(3-10dopropyl)-4-(3-propylphenoxy)
benzene
|Chemuical formula 31]
\/\ ‘/\ /O Cl
\/ L

The compound of Reference Example 9 was reacted
according to the same experiment procedures as in Reference

Example 164 of the pamphlet of WO 03029184 to obtain the
target product as a pale yellow oil.

'H-NMR (CDCl,, 400 MHz): & 0.94 (3H, t, J=7.3 Hz),
1.60-1.68 (2H, m), 2.10-2.17 (2H, m), 2.57 (2H, t, J=7.6 Hz),
2.81 (2H, t, J=7.6 Hz), 3.21 (2H, 1, J=7.0 Hz), 6.80-6.85 (3H,
m), 6.96 (1H, d, J=7.9 Hz), 6.99 (1H, d, J=2.4 Hz), 7.19 (11,
d, J=8.3 Hz), 7.25 (1, t, I=7.9 Hz).

BIMS (+): 414 [M]
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Reference Example 16

2-Fluoro-1-(3-10dopropyl)-4-(3-trifluoromethylphe-
nylthio)benzene

|Chemuical formula 32]

F3C S F

The compound of Reference Example 10 was reacted
according to the same experiment procedures as 1n Reference
Example 164 of the pamphlet of WO 03029184 to obtain the
target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): § 2.13 (2H, quintet, J=7.3
Hz), 2.76 (2H, t, I=7.3 Hz), 3.18 (2H, t, J=6.7 Hz), 7.03 (1H,
dd, J=10, 1.8 Hz), 7.09 (1H, dd, J=7.9, 1.8 Hz), 7.20 (1H, t,
J=7.9 Hz), 7.39-7.52 (3H, m), 7.57 (1H, s).

EIMS (+): 404 [M]".

Reference Example 17

2-Chloro-4-(3-chlorophenylthio)-1-(3-10dopropyl)
benzene

|Chemical formula 33]

Cl S Cl

The compound of Reference Example 11 was reacted
according to the same experiment procedures as in Reference
Example 164 of the pamphlet of WO 03029184 to obtain the
target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 6 2.14 (2H, tt, I=7.3, 6.7 Hz),
2.84 (2H, t, I=7.3 Hz), 3.20 (2H, t, J=6.7 Hz), 7.16-7.25 (5H,
m), 7.28 (1H, t, J=1.8 Hz), 7.36 (1H, d, J=1.8 Hz).

EIMS (+): 422 [M]".

Reference Example 18

2-Chloro-1-(3-10dopropyl)-4-(3-methylphenoxy)

benzene
|Chemuical formula 34]
O Cl
\ \
P I

The compound of Reference Example 12 was reacted
according to the same experiment procedures as in Reference
Example 164 of the pamphlet of WO 03029184 to obtain the
target product as a yellow oil.

'H-NMR (CDCl,, 400 MHz): 6 2.13 (2H, quint, J=7.3 Hz),
2.34 (3H, s), 2.81 (2H, t, J=7.3 Hz), 3.21 (2H, t, J=7.3 Hz),
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6.81-6.84 (3H, m), 6.95 (1H, d, J=7.9 Hz), 6.99 (1H, d, ]=2.4
Hz), 7.18 (1H, d, 1=7.9 Hz), 7.23 (1H, t, J=7.9 Hz).
BIMS (+): 386 [M]".

Example 1

(2R.,55)-2-[2-chloro-4-(3-trifluoromethylphenoxy)
phenyl]propyl-3,6-diethoxy-5-1sopropyl-2-methyl-2,
S-dihydropyrazine

|Chemical formula 35]

F4C 0

Under an argon atmosphere, a solution of n-butyllithium 1n

hexane (1.54 mol/L, 3.59 mL) was added at -78° C. into a
solution of (55)-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-di1-
hydropyrazine (905 mg) in THF (16 mL), and the resultant
solution was stirred at —=78° C. for 30 minutes. Next, A solu-
tion of 2-chloro-1-(3-10dopropyl)-4-(3-trifluoromethylphe-
noxy)benzene (2.47 g) in THF (4 mL) was added to the
reaction mixture, and the resultant solution was stirred at
-78° C. for 30 minutes and then at 0° C. for 1 hour. To the
reaction solution was added water, extracted with ethyl
acetate, washed with water and saturated brine 1n that order,
and then dried over anhydrous sodium sulfate. The solvent
was evaporated, and the resultant residue was purified by
silica gel column chromatography (hexane:ethyl acetate=60:
1) to obtain the target product (1.59 g) as a colorless oil.
"H-NMR (CDCl,, 400 MHz): 8 0.70 (3H, d, J=6.7 Hz),
1.05 (3H, d, J=6.7 Hz), 1.18-1.50 (9H, m), 1.32 (3H, s),
1.86-1.97 (1H, m), 2.21-2.30 (1H, m), 2.65 (2H, t, J=7.6 Hz),
3.90 (1H, d, J=2.1 Hz), 3.97-4.21 (4H, m), 6.84 (1H, dd,
1=7.9,2.4Hz),7.00(1H,d,]1=2.4Hz),7.15(2H,d, I=7.9 Hz),
7.24 (1H, brs), 7.36 (1H,d, JI=7/.9Hz), 7.44 (1H, t, I=7.9 Hz).

Example 2

(2R,5S)-2-[ 2-chloro-4-(3-trifluoromethylphenylthio)
phenyl]propyl-3,6-diethoxy-5-1sopropyl-2-methyl-2,
S-dihydropyrazine

|Chemuical formula 36]
F3C S Cl EtO N
~
1‘*“" F
\ N OFEt

Me

(3S5)-3,6-diethoxy-3-1sopropyl-2-methyl-2,5-dihydropy-
razine and 2-chloro-1-(3-10dopropyl)-4-(3-trifluorometh-
ylphenylthio)benzene were reacted 1n the same manner as in
Example 1 to obtain the target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 8 0.63 (3H, d, J=6.7 Hz),
1.07 (3H, d, J=6.7 Hz), 1.18-1.29 (10H, m), 1.34-1.66 (2H,
m), 1.79-1.91 (1H, m), 2.25-2.33 (1H, m), 2.70 (2H, t, J=7.6
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Hz), 3.85 (1H, br s), 3.99-4.23 (4H, m), 7.16 (2H, d, I=7.9
Hz), 7.20 (1H, dd, J=7.9, 1.8 Hz), 7.36-7.42 (3H, m), 7.44-
7.50 (1H, m), 7.52 (1H, br s).

Example 3

(2R,58)-2-[2-chloro-4-(3-trifluoromethylphenoxy)
phenyl]ethyl-3,6-diethoxy-3-1sopropyl-2-methyl-2,5-
dihydropyrazine

|Chemuial formula 37]

EtO N

N\

"W
\ N
‘ Me

S
AN

e 0O Cl

(55)-3,6-diethoxy-35-1sopropyl-2-methyl-2,5-dihydropy-
razine and 2-chloro-1-(2-10doethyl)-4-(3-trifluorometh-
ylphenoxy)benzene were reacted 1n the same manner as in
Example 1 to obtain the target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): § 0.72 (3H, d, J=6.7 Hz),
1.08 (3H, d, J=6.7 Hz), 1.29 (6H, t, J=7.3 Hz), 1.36 (3H, s),
1.74-1.82 (1H, m), 2.13-2.20 (1H, m), 2.25-2.32 (1H, m),
2.39-2.56 (2H, m), 3.95 (1H, d, J=3.1 Hz), 4.02-4.22 (4H, m),
6.83 (1H, dd, J=8.6, 2.4 Hz), 6.99 (1H, d, J=2.4 Hz), 7.12-7.15
(2H, m), 7.23 (1H, br s), 7.35 (1H, d, J=7.8 Hz), 7.44 (1H, 1,
1=7.8 Hz).

BIMS (+): 524 [M]".

Example 4

(2R,35)-2-[2-chloro-4-(3-trifluoromethylphenylthio)
phenyl]ethyl-3,6-diethoxy-3-1sopropyl-2-methyl-2,5-

dihydropyrazine
|Chemual formula 38]
B0 _ N )\
. P
/\‘ ‘ \ W \N/\OEt
Me
F3C/ \/\S/ = Cl

(55)-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihydropy-
razine and 2-chloro-1-(2-10doethyl)-4-(3-trifluorometh-
ylphenylthio)benzene were reacted in the same manner as in
Example 1 to obtain the target product as a colorless oil.

'H-NMR (CDCls, 400 MHz): & 0.72 (3H, d, J=6.7 Hz),
1.08 (3H, d, J=6.7 Hz), 1.28 (6H, t, J=7.3 Hz), 1.35 (3H, s),
1.68-1.90 (1H, m), 2.10-2.19 (1H, m), 2.38-2.57 (1H, m),
3.95 (1H, d, J=3.1 Hz), 4.02-4.22 (4H, m), 7.13 (11, d, ]=7.9
Hz), 7.18 (1H, dd, J=7.9, 2.4 Hz), 7.35-7.42 (3H, m), 7.43-
7.48 (1H, m), 7.54 (1M, br s).
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Example 5

(2R,3S)-2-[2-chloro-4-(3-ethylphenylthio)phenyl]
cthyl-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihy-
dropyrazine

|Chemuial formula 39]

~ ]
N7 N

Et S

Cl

(5S)-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihydropy-
razine and the compound of Reference Example 13 were
reacted 1n the same manner as 1n Example 1 to obtain the
target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): 8 0.72 (3H, d, J=6.7 Hz),
1.07 (3H, d, J=6.7 Hz), 1.21 (3H, t, J=7.3 Hz), 1.28 (3H, t,
1=7.3Hz), 1.29 (3H,t,]=7.3 Hz), 1.34 (3H, s), 1.70-1.79 (1H,
m), 2.09-2.16 (1H, m), 2.24-2.32 (1H, m), 2.35-2.52 (2H, m),
2.61(2H, g, J=7.3 Hz), 3.95 (1H, d, J=3.1 Hz), 4.03-4.20 (4H,
m), 7.04-7.15 (4H, m), 7.21-7.26 (3H, m).

ESIMS (+): 501 [M+H]*.

Example 6

(2R,5S)-2-[ 2-chloro-4-(3-methylphenoxy )phenyl]
propyl-3,6-dimethoxy-5-1sopropyl-2-methyl-2,5-
dihydropyrazine

|Chemical formula 40]

Me O

(3S5)-3,6-dimethoxy-5-1sopropyl-2-methyl-2,5-dihydro-
pyrazine and the compound of Reference Example 18 were
reacted 1n the same manner as 1n Example 1 to obtain the
target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): § 0.68 (3H, d, J=6.7 Hz),
1.07 (3H, d, 1=6.7 Hz), 1.33 (34, s), 1.36-1.43 (1H, m),
1.55-1.62 (1H, m), 1.86-1.92 (1H, m), 2.24-2.26 (1H, m),
2.34 (3H, 5), 2.62 (2H, 1, J=7.9 Hz), 3.65 (3H, 5), 3.66 (3H, 5),
3.94 (1H, d, J=3.7 Hz), 6.79-6.82 (3H, m), 6.93 (1H, d, ]=7.3
Hz), 6.96 (1H, d, J=2.4 Hz), 7.09 (1H, d, ]=7.9 Hz), 7.22 (1H,
t, J=7.9 Hz).

BIMS (+): 456 [M]*.
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Example 7

(2R,3S)-2-[2-chloro-4-(3-ethylphenylthio )phenyl]
propyl-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihy-
dropyrazine

|Chemuical formula 41]

bt S

(55)-3,6-diethoxy-3-1sopropyl-2-methyl-2,5-dihydropy-
razine and the compound of Reference Example 14 were
reacted 1n the same manner as 1n Example 1 to obtain the

target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): & 0.68 (3H, d, J=6.7 Hz),
1.04 (3H, d, J=6.7 Hz), 1.20-1.26 (9H, m), 1.31 (3H, s),
1.36-1.43 (1H, m), 1.50-1.57 (1H, m), 1.85-1.92 (1H, m),
2.21-2.28 (1H, m), 2.60-2.65 (4H, m), 3.88 (1H, d, 1=3.7 Hz),
4.00-4.16 (4H, m), 7.06-7.16 (4H, m), 7.22-7.27 (3H, m).

BSIMS (+): 515 [M+H]*.

Example 8

(2R,5S)-2-[2-chloro-4-(3-chlorophenylthio)phenyl]
propyl-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihy-

dropyrazine
|Chemical formula 42]
Cl S Cl EtO N
o L
= Ny OFt
Me

(55)-3,6-diethoxy-5-1sopropyl-2-methyl-2,5-dihydropy-
razine and the compound of Reference Example 17 were
reacted in the same manner as 1n Example 1 to obtain the
target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 3 0.69 (3H, d, J=6.7 Hz),
1.08 (3H, d, J=6.7 Hz), 1.18-1.29 (7H, m), 1.31 (3H, s),
1.34-1.47 (1H, m), 1.50-1.63 (1H, m), 1.85-1.95 (1H, m),
2.20-2.30(1H, m), 2.65 (2H, t, J=7.6 Hz), 3.89 (1H, d, J=3.1
Hz),3.99-4.23 (4H, m),7.11-7.23 (6H, m), 7.35 (1H, d, J=1.8
Hz).

ESIMS (+): 521 [M+H]".
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Example 9

(2R,38)-2-[ 2-fluoro-4-(3-trifluoromethylphenylthio)
phenyl]propyl-3,6-diethoxy-5-1sopropyl-2-methyl-2,
S-dihydropyrazine

|Chemuical formula 43 ]
F3C S b EtO N
3 \/
'ﬂ“.\ /
N N OFt
Me

(5S5)-3,6-diethoxy-3-1sopropyl-2-methyl-2,5-dihydropy-
razine and the compound of Reference Example 16 were
reacted 1n the same manner as 1n Example 1 to obtain the
target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): 8 0.67 (3H, d, J=6.7 Hz),
1.06 (3H, d, J=6.7 Hz), 1.18-1.29 (7H, m), 1.33 (3H, s),
1.36-1.66 (2H, m), 1.85-1.95 (1H, m), 2.23-2.33 (1H, m),
2.67 (2H, t, J=7.6 Hz), 3.89 (1H, d, J=3.1 Hz), 3.99-4.23 (4H,
m), 7.02 (1H, dd, J=9.8 Hz, 1.8 Hz), 7.08 (1H, dd, J=7.9 Hz,
2.4 Hz), 7.13 (1H, t, J=7.9 Hz), 7.38-7.50 (3H, m), 7.55 (1H,

S ).

Example 10

(2S,55)-2-allyl-2-[ 2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]propyl-3,6-diethoxy-3-1sopropyl-2,3-
dihydropyrazine

|Chemuical formula 44 ]

F3C S Cl EtO

(5S)-2-allyl-3,6-diethoxy-5-1sopropyl-2,5-dihydropyra-
zine and 2-chloro-1-(3-10dopropyl)-4-(3-trifluorometh-
ylphenylthio)benzene were reacted 1n the same manner as in
Example 1 to obtain the target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): & 0.67 (3H, d, J=6.7 Hz),
1.05 (3H, d, J=6.7 Hz), 1.23 (3H, t, ]=6.4 Hz), 1.25 (3H, t,
1=6.4 Hz), 1.30-1.64 (3H, m), 1.80-1.90 (1H, m), 2.23-2.39
(2H, m), 2.53 (1H, dd, J=12.4, 7.3 Hz), 2.65 (2H, t, J=7.6 Hz).
3.83 (1H, d, J=3.1 Hz), 4.03-4.18 (4H, m), 4.92-5.04 (2H, m),
5.60-5.73 (1H, m), 7.13 (2H, d, ]=7.9 Hz), 7.18 (1H, dd, I=7.9
Hz, 1.8 Hz), 7.36 (1H, d, J=1.8 Hz), 7.38-7.42 (2H, m),
7.44-7.49 (1H, m), 7.55 (1H, br s).
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Example 11

Ethyl(R)-2-t-butoxycarbonylamino-5-[2-chloro-4-(3-
trifluoromethylphenoxy )phenyl]-2-methylpentanoate

|Chemuical formula 45]
F;C

To a solution of the compound of Example 1 (1.59 g) 1n
1.,4-dioxane (60 mL) was added 0.5 mol/L hydrochloric acid

(30 mL). The resultant solution was stirred at room tempera-
ture for 1 hour, and then left to stand at room temperature
overnight. The solution was concentrated, neutralized with
saturated aqueous sodium hydrogen carbonate solution, and
extracted with ethyl acetate. The extract was washed with
water and saturated brine, and then dried over anhydrous
sodium sulfate. The extract was concentrated, and the result-
ant residue was dissolved in acetonitrile (15 mL). To this
solution was added di-tert-butoxydicarbonate (1.55 g), and
the resultant solution was stirred at room temperature for 4
hours and then left to stand at room temperature overnight. To
the reaction solution added water, extracted with ethyl
acetate, washed with water and saturated brine 1n that order,
and then dried over anhydrous sodium sulfate. The solvent
was evaporated, and the resultant residue was purified by
s1lica gel column chromatography (hexane:ethyl acetate=9:1)
to obtain the target product (1.00 g) as a colorless o1l.

'"H-NMR (CDCl,, 400 MHz): 61.26 (3H, t,J=7.3 Hz), 1.43
(9H, s), 1.53 (3H, s), 1.45-1.68 (2H, m), 1.80-1.90 (1H, m),
2.12-2.30(1H, m), 2.69 (2H, t, J=7.6 Hz), 4.16-4.24 (2H, m),
5.33 (1H, brs), 6.85 (1H, dd, J=7.9 Hz, 2.4 Hz), 7.02 (1H, d,
J=2.4Hz),7.15(1H,dd,J=7.9Hz, 2.4 Hz),7.17 (1H, d, J=7.9
Hz),7.24 (1H, brs), 7.37 (1H,d, I=7.9Hz), 7.45 (1H, t, I=7.9
Hz).

Example 12

Ethyl(R)-2-t-butoxycarbonylamino-5-[2-fluoro-4-(3-
tritluoromethylphenylthio)phenyl|-2-methylpen-
tanoate

|Chemuical formula 46]

F3C

The compound of Example 9 was reacted 1n the same
manner as i Example 11 to obtain the target product as a
colorless o1l.

"H-NMR (CDCl,, 400 MHz): 1.26 (3H,t,J=7.3Hz), 1.42
(9H, s), 1.51 (3H, s), 1.45-1.68 (2H, m), 1.77-1.86 (1H, m),
2.09-2.20 (1H, m), 2.69 2H, t, J=7.6 Hz),4.13-4.23 (2H, m),
5.29 (1H, brs), 7.02 (1H, dd, J=9.8 Hz, 1.8 Hz), 7.08 (1H, dd,
I=7.9Hz,2.4Hz),7.13 (1H, t, J=7.9 Hz), 7.38-7.50 (3H, m),
7.55 (1H, s).
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Example 13

Ethyl(S)-2-allyl-2-t-butoxycarbonylamino-5-| 2-
chloro-4-(3-trifluoromethylphenylthio)phenyl]pen-
tanoate

|Chemuical formula 47]

Cl
Xy NHBoc

A
= 2 NCO,E
N

The compound of Example 10 was reacted in the same
manner as in Example 11 to obtain the target product as a
colorless o1l.

'H-NMR (CDCl,, 400 MHz) & 1.24 (3H, t, J=7.3 Hz),
1.29-1.39 (1H, m), 1.43 (9H, s), 1.60-1.70 (1H, m), 1.78-1.86
(1H, m), 2.32-2.50 (2H, m), 2.66-2.73 (2H, m), 2.99-3.10
(1H, m), 4.19 (2H, q), 5.03 (1H, d, J=3.1 Hz), 5.09 (1H, s).
5.49 (1H, br s), 5.54-5.68 (1H, m), 7.16 (1H, d, J=7.9 Hz).
7.19(1H, dd,J=7.9, 1.8 Hz),7.35 (1H, d, =1.8 Hz), 7.39-7.44
(2H, m), 7.45-7.50 (1H, m), 7.54 (1H, brs).

Example 14

Ethyl(R)-2-t-butoxycarbonylamino-5-[2-chloro-4-(3-
trifluoromethylphenylthio)phenyl]-2-propylpen-
tanoate

|Chemuical formula 48]

F2C Cl

NHBoc

N

N
P

CO,Et

To a solution of the compound of Example 13 (400 mg) in
cthyl acetate (20 mL) was added palladium, on activated
carbon/ethylene diamine complex (100 mg), and the resultant
solution was stirred at room temperature for 24 hours under
hydrogen atmosphere. The reaction solution was filtered
through Celite, and the solvent was evaporated. The resultant
residue was purified by silica gel column chromatography
(hexane:ethyl acetate=30:1) to obtain the target product (293
mg) as a colorless oil.

'H-NMR (CDCl,, 400 MHz): §0.91 (3H, t, ]=7.3 Hz), 1.42
(9H, s), 1.15-1.77 (8H, m), 2.72 (2H, t, J=7.3 Hz), 3.63 (1M,
d,J=12 Hz),3.67 (1H,d, J=12 Hz), 4.52 (1H, brs), 7.19-7.22
(2H, m), 7.39 (1H, s), 7.40-7.50 (3H, m), 7.54 (1H, br s).

FABMS (+): 532 [M+H]".
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Example 15

(R)-2-t-butoxycarbonylamino-3-[ 2-chloro-4-(3-trii-
luoromethylphenoxy)phenyl]-2-methylpentan-1-ol

|Chemuical formula 49]
F;C

To a solution of the compound of Example 11 (1.00 g) 1n
THF (14 mL) was added under ice cooling lithium borohy-
dride (229 mg), and then ethanol (1.4 mL) was added drop-

wise. The resultant solution was then stirred for 1 hour under
ice cooling. To the reaction solution was added 10% aqueous
citric acid, extracted with ethyl acetate, washed with water
and saturated brine 1n that order, and then dried over anhy-
drous sodium sulfate. The solvent was evaporated, and the
resultant residue was purified by silica gel column chroma-
tography (hexane:ethyl acetate=4:1) to obtain the target prod-
uct (910 mg) as a colorless oil.

'"H-NMR (CDCl,, 400 MHz): 4 1.16 (3H, s), 1.43 (9H, s),
1.53-1.74 (3H, m), 1.81-1.93 (1H, m), 2.73 (2H, t, J=7.3 Hz),
3.61 (1H,d, J=12 Hz),3.65(1H,d, J=12 Hz), 4.58 (1H, br s),
4.58 (1H, br s), 6.86 (1H, dd, J=7.9, 2.4 Hz), 7.03 (1H, d,
I=2.4Hz),7.16 (1H,dd, J=7.9 Hz,2.4 Hz), 7.21 (1H, d, ]=7.9
Hz),7.24 (1H, brs), 7.37 (1H, d, I=7.9 Hz), 7.45 (1H, t, I=7.9
Hz).

Example 16

(R)-2-t-butoxycarbonylamino-3-[ 2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-methylpentan-1-ol

|Chemuical formula 50]

F3C S Cl

NHBoc

OH

Me

The compound of Example 2 was reacted 1n the same
manner as 1n Example 11 to obtain an ester, which was then

o reacted in the same manner as in Example 15 to obtain the

65

target product as a colorless oil.

'H-NMR (CDCl., 400 MHz): 8 1.14 (3H., 5), 1.42 (9H., s).
1.48-1.76 (4H, m), 1.81-1.90 (1H, m), 2.74 (2H. t, ]=6.7 Hz),
3.61 (1H, d, J=12 Hz), 3.65 (1H. d, =12 Hz), 4.56 (1H, br s),
458 (1H, br s), 7.20 (2H, d, J=1.2 Hz), 7.37-7.50 (4H, m),
7.54 (1H, br s). Optical Rotation: [a],,*’+14.31 (¢ 0.63,
CHCL,).
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Example 17

(R)-2-t-butoxycarbonylamino-4-[ 2-chloro-4-(3-trii-
luoromethylphenoxy)phenyl]-2-methylbutan-1-ol

|Chemuical formula 51]

NH

30¢

The compound of Example 3 was reacted in the same

manner as 1n Example 11 to obtain an ester, which was then

reacted 1n the same manner as in Example 15 to obtain the
target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): § 1.26 (3, s), 1.45 (9H, s),
1.80-1.88 (1H, m), 2.05-2.12 (1H, m), 2.66-2.80 (2H, m),
3.68 (1H, d, J=11.6 Hz),3.73 (1H, d, J=11.6 Hz), 4.70 (1H, br
5), 6.86 (1H, dd, J=8.5, 2.5 Hz), 7.03 (1H, d, J=2.5 Hz),
7.13-7.16 (1H, m), 7.22-7.24 (2H, m), 7.37 (1H, d, 1=7.9 Hz),
7.45 (1H, t, 1=7.9 Hz).

FABMS (+): 474 [M+H]".

Example 18

(R)-2-t-butoxycarbonylamino-4-| 2-chloro-4-(3-trif-
luoromethylphenylthio)phenyl]-2-methylbutan-1-ol

|Chemical formula 52|

NH

30¢

F2C

The compound of Example 4 was reacted in the same

manner as in Example 11 to obtain an ester, which was then

reacted in the same manner as in Example 15 to obtain the
target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 6 1.25 (3H, s), 1.44 (9H, s),
1.79-1.89 (1H, m), 2.05-2.13 (1H, m), 2.66-2.83 (2H, m),
3.68 (1H,d, J=12Hz),3.71 (1H, d, J=12 Hz), 4.69 (1H, br s),
7.20-7.23 (2H, m), 7.37-7.42 (3H, m), 7.45-7.50 (2H, m),
7.55 (1H, br s).
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Example 19

(R)-2-t-butoxycarbonylamino-4-[ 2-chloro-4-(3-eth-
ylphenylthio)phenyl]-2-methylbutan-1-ol

|Chemuical formula 53]

NHBoc

Kt

The compound of Example 5 was reacted 1n the same
manner as 1n Example 11 to obtain an ester, which was then
reacted 1n the same manner as 1n Example 15 to obtain the
target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 1.22 (3H,t,J=7.3Hz), 1.24
(3H, s), 1.44 (9H, s), 1.77-1.85 (1H, m), 2.02-2.09 (1H, m),
2.62(2H,q,]=7.3 Hz),2.63-2.78 (2H, m), 3.64-3.73 (2H, m),
4.08 (1H, br), 4.68 (1H, br s), 7.10-7.17 (4H, m), 7.22-7.28
(3H, m).

ESIMS (+): 450 [M+H]".

Example 20

(R)-2-t-butoxycarbonylamino-3-[2-chloro-4-(3-me-
thylphenoxy)phenyl]-2-methylpentan-1-ol

|Chemuical formula 54]
M O Cl
e\ \ \‘/\/ NHBoc
Me

The compound of Example 6 was reacted 1n the same
manner as 1n Example 11 to obtain an ester, which was then
reacted 1n the same manner as 1n Example 15 to obtain the
target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 4 1.15 (3H, s), 1.43 (9H, s),
1.61-1.67 (3H, m), 1.83-1.87 (1H, m), 2.34 (3H, s), 2.70 (2H,
t, J=7.0 Hz), 3.62-3.65 (2H, m), 4.57 (1H, s), 6.81-6.84 (3H,
m), 6.94 (1H, d, J=7.3 Hz), 6.98 (1H, d, J=3.1 Hz), 7.15 (1H,
d, I=7.9 Hz), 7.22 (1H, t, JI=7.9 Hz).

ESIMS (+): 434 [M+H]".

Example 21

(R)-2-t-butoxycarbonylamino-3-[ 2-chloro-4-(3-eth-
ylphenylthio)phenyl]-2-methylpentan-1-ol

|Chemical formula 55]

Et S Cl

30¢

OH
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The compound of Example 7 was reacted in the same
manner as in Example 11 to obtain an ester, which was then
reacted in the same manner as in Example 15 to obtain the
target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): & 1.14 (3H, s), 1.22 (3H, 1,
J=7.3Hz), 1.43 (9H, ), 1.54-1.70 (3H, m), 1.79-1.89 (1H, m),
2.62 (2H, g, 1=7.3 Hz), 2.70 (2H, t, J=7.0 Hz), 3.57-3.66 (2H,
m), 4.05 (1H, br), 4.55 (1M, br s), 7.10-7.17 (4H, m), 7.17-
7.28 (3H, m).

ESIMS (+): 464 [M+H]*.

Example 22

(R)-2-t-butoxycarbonylamino-3-[ 2-chloro-4-(3-pro-
pylphenoxy)phenyl]-2-methylpentan-1-ol

|Chemuical formula 56]
Pr\‘/\/ O\‘/\/ - NHBoc
Me

The compound of Reference Example 15 and (355)-3,6-
diethoxy-5-1sopropyl-2-methyl-2,5-dihydropyrazine  were
reacted with 1n the same manner as in Example 1. The result-
ant compound was reacted 1n the same manner as in Example
11 to obtain an ester, which was then reacted in the same
manner as in Example 15 to obtain the target product as a
colorless o1l.

'H-NMR (CDCl,, 400 MHz): $0.94 (3H, t, J=7.3 Hz), 1.15
(3H, s), 1.24-1.28 (2H, m), 1.43 (9H, s), 1.60-1.69 (3H, m),
1.80-1.90 (1H, m), 2.57 (2H, t, J=7.6 Hz), 2.70 (2H, t, J=7.6
Hz), 3.58-3.67 (2H, m), 4.11 (1H, br s), 4.58 (1H, br s),
6.79-6.85 (3H, m), 6.95 (1H, d, J=7.9 Hz), 6.99 (1H, d, ]=2.8
Hz), 7.15 (1H, d, J=8.3 Hz), 7.24 (1H, t, ]=7.9 Hz).

Example 23
(R)-2-t-butoxycarbonylamino-3-[2-chloro-4-(3-chlo-
rophenylthio)phenyl]-2-methylpentan-1-ol

|Chemuical formula 57]

Cl

Cl\ N S

NHBoc

OH

Me

The compound of Example 8 was reacted in the same
manner as in Example 11 to obtain an ester, which was then
reacted in the same manner as in Example 15 to obtain the

target product as a colorless oil.

'H-NMR (CDCl,, 400 MHz): 8 1.14 (3H, s), 1.43 (OH, s),
1.58-1.74 (3H, m), 1.79-1.92 (1H, m), 2.73 (2H, t, ]=6.7 Hz),
3.61 (1H, d, J=12 Hz), 3.64 (1H, d, J=12 Hz), 4.08 (1H, br s),
4.57 (1H, brs), 7.17-7.27 (6H, m), 7.37 (1H, s).

ESIMS (+): 470 [M+H]
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Example 24

(R)-2-t-butoxycarbonylamino-3-[ 2-fluoro-4-(3-trii-
luoromethylphenylthio )phenyl]-2-methylpentan-1-ol

|Chemical formula 58]

N

NF

NHBoc

OH

Me

The compound of Example 12 was reacted in the same

manner as in Example 15 to obtain the target product as a
colorless oil.

"H-NMR (CDCl,, 400 MHz): § 1.14 (3H, s), 1.42 (9H, s).
1.55-1.74 (3H, m), 1.75-1.85 (1H, m), 2.65 (2H, t, J=6.7 Hz),
3.58-3.64 (2H, m), 4.03 (1H, brs), 4.55 (1H, brs), 7.04 (1H,
dd, I=9.8 Hz, 1.8 Hz), 7.10 (1H, dd, J=7.9 Hz, 1.8 Hz), 7.17
(1H, t, J=7.9 Hz), 7.38-7.50 (3H, m), 7.54 (1H, br s).

Example 25

(R)-2-t-butoxycarbonylamino-3-[2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-propylpentan-1-ol

|Chemuical formula 59]

F3C Cl

NHBoc

~NF

OH

S~ X
S

The compound of Example 14 was reacted in the same
manner as in Example 15 to obtain the target product as a
colorless oil.

'"H-NMR (CDCl,, 400 MHz): 6 0.92 (3H,t,]=7.3 Hz), 1.42
(9H, s), 1.14-1.80 (8H, m), 2.72 (2H, t, JI=7.3 Hz), 3.62 (1H,
d,J=12Hz),3.66 (1H,d, J=12 Hz), 4.54 (1H, brs), 7.16-7.22
(2H, m), 7.39 (1H, s), 7.40-7.48 (3H, m), 7.55 (1H, br s).

FABMS (+): 532 [M+H]".

Example 26

(R)-2-amino-35-[2-chloro-4-(3-trifluoromethylphe-
noxy )phenyl]-2-methylpentan-1-ol hydrochloride

|Chemuical formula 60]

F3C O Cl

NH, HCl
OH

Me

To the compound of Example 15 (6.50 g) was added a 10
w/w % hydrogen chloride solution 1n methanol (methanol
containing hydrogen chloride, 67 mL), and the resultant mix-
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ture was stirred for 1 hour at room temperature, and then left
overnight at room temperature. The solvent was then evapo-
rated to obtain the target product (5.15 g) as a colorless
amorphous.

'"H-NMR (DMSO-d,, 400 MHz): 6 1.07 (3H, s), 1.46-1.64
(4H, m), 2.62-2.72 (2H, m), 3.31-3.36 (2H, m), 7.03 (1H, dd,
J=7.9,2.4Hz),7.20(1H,d,]=2.4Hz), 7.30 (1H, d, I=7.9 Hz),
7.34 (1H, s), 7.39 (1H, d, J=7.9 Hz), 7.52 (1H, d, J=7.9 Hz),
7.63 (1H, t, J=7.9 Hz).

HREIMS (+): 388.1281 (Calcd. for C, H,,NCIF;0,:
388.1291).

Optical Rotation: [a.],,>>=2.74 (c 0.63, CHCL,).

Example 27

(R)-2-amino-3-[2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]-2-methylpentan-1-ol hydrochloride

|Chemuical formula 61]
F;C S Cl
XN NH, HCI
P OH

Me

The compound of Example 16 was reacted in the same
manner as in Example 26 to obtain the target product as a
white powder.

"H-NMR (DMSO-d,, 400 MHz): 6 1.09 (3H, s), 1.49-1.63
(4H,m), 2.65-2.71 (2H, brs),3.34(1H,d, J=12Hz),3.38 (1H,
d, =12 Hz), 7.34 (1H, dd, J=7.9 Hz, 2.4 Hz), 7.41 (1H, d,
I=7.9 Hz), 7.49 (1H, d, J=2.4 Hz), 7.55 (1H, d, J=7.9 Hz),
7.61(1H,d,J=2.4Hz),7.67 (1H,d,J=7.9Hz),7.53-7.74 (3H,
br s).

ESIMS (+): 404 [M+H]".

Elemental Analysis Measured: C, 51.65%; H, 4.86%; N,
2.86%. Calcd. for C, H,CIF;NOS.HCIL: C, 51.82%; H,
5.04%; N, 3.18%.

Optical Rotation: [a.],,>>=3.45 (c 1.00, CHCL,).

Example 28

(R)-2-amino-4-|2-chloro-4-(3-trifluoromethylphe-
noxy )phenyl]-2-methylbutan-1-ol hydrochloride

|Chemical formula 62]

NH,

HCl

F3C

The compound of Example 17 was reacted in the same
manner as in Example 26 to obtain the target product as a
white powder.

"H-NMR (DMSO-d,, 400 MHz): 6 1.24 (3H, 5), 1.70-1.80
(2H, m), 2.71 (2H, t, J=8.6 Hz), 3.44 (1H, dd, J=11 Hz, 4.9
Hz), 3.50 (1H, dd, J=11 Hz, 4.9 Hz), 5.54 (1H, t, I=4.9 Hz),
7.04 (1H,dd, J=8.6,2.4Hz),7.21 (1H,d,J=2.4 Hz),7.31 (1H,

5

10

15

20

25

30

35

40

45

50

55

60

65

30
dd, J=8.6, 2.4 Hz), 7.35 (1H, br s), 7.41 (1H, d, J=8.6 Hz),
7.52(1H,d,J=7.9Hz),7.63 (1H,t, J=7.9 Hz), 7.95 (3H, br s).
FABMS (+): 374 [M+H]".
Elemental Analysis Measured: C, 52.38%; H, 4.80%; N,
3.42%. Calcd. for C, H,,CIF;NO,.HCIl: C, 52.70%; H,
4.91%: N, 3.41%.

Example 29

(R)-2-amino-4-[2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]-2-methylbutan-1-ol hydrochlonde

|Chemuical formula 63 ]

FsC

The compound of Example 18 was reacted in the same
manner as i Example 26 to obtain the target product as a
white powder.

'"H-NMR (DMSO-d,, 400 MHz): 6 1.22 (3H, s), 1.66-1.83
(2H,m), 2.72 (2H,t, J=8.6 Hz),3.42 (1H,dd, J=11.0,7.9 Hz),
3.49 (1H, dd, J=11.0, 7.9 Hz), 5.54 (1H, t, J=4.9 Hz), 7.36
(1H, dd, I=7.9, 1.8 Hz), 7.42 (1H, d, J=7.9 Hz), 7.50 (1H, d,
J=1.8 Hz), 7.53-7.64 (3H, m), 7.67 (1H, d, J=7.9 Hz), 7.82
(3H, br s).

FABMS (+): 390 [M+H]

Elemental Analysis: Measured: C, 50.47%; H, 4.65%; N,
3.36%. Calcd. for C, H, ,CIF;NOS.HCIL: C, 50.71%; H,
4.73%; N, 3.29%.

Optical Rotation: [a],,>'+5.78 (¢ 0.33, CHCL,).

Example 30

(R)-2-amino-4-|2-chloro-4-(3-cthylphenylthio)phe-
nyl]-2-methylbutan-1-ol hydrochloride

|Chemuical formula 64 ]

NH, HCI
/ \ /\/}é\/OH
« | | P Me
Et \S \Cl

The compound of Example 19 was reacted in the same
manner as i Example 26 to obtain the target product as a
white powder.

"H-NMR (DMSO-d,, 400 MHz): § 1.14 (3H, t, J=7.3 Hz),
1.22 (3H, s), 1.67-1.81 (2H, m), 2.59 (2H, q, J=7.3 Hz), 2.69
(2H,t, J=8.6 Hz),3.42 (1H, dd, J=11.6, 5.5 Hz), 3.48 (1H, dd,
I=11.6, 5.5 Hz), 5.52 (1H, t, J=4.9 Hz), 7.16-7.22 (2H, m),
7.26-7.27 (2H, m), 7.30-7.35 (2H, m), 7.93 (3H, br s).

ESIMS (+): 350 [M+H]".

Elemental Analysis Measured: C, 58.90%; H, 6.42%; N,

3.59%. Caled. for C,,H,,CINOS.HCI: C, 59.06%: I, 6.52%:
N, 3.63%.
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Example 31

(R)-2-amino-5-[2-chloro-4-(3-methylphenoxy )phe-
nyl]-2-methylpentan-1-ol hydrochloride

|Chemical formula 65]
Me O Cl
‘ Xy NH, HCI
P \/\);\/OH
Me

The compound of Example 20 was reacted in the same

manner as in Example 26 to obtain the target product as a
colorless amorphous.

"H-NMR (DMSO-d,, 400 MHz):  1.11 (3H, s), 1.57 (4H,
brs), 2.29 (3H, s),2.64 (2H, brs),3.35-3.39 (2H, m), 5.45 (1H,
t, J=4.9 Hz), 6.81 (1H, dd, J=8.6, 2.4 Hz), 6.85 (1H, s), 6.92
(1H, dd, J=8.6, 2.4 Hz), 6.99 (1H, d, J=8.6 Hz), 7.03 (1H, d,
I=2.4Hz),7.28 (1H, t,J=8.6 Hz), 7.34 (1H, d, J=8.6 Hz), 7.77
(3H, brs).

HRESIMS (+): 334.15655 (Caled. for C,oH,<CINO.:
334.15738).

Optical Rotation: [a],,>%>-5.75 (c 0.60, CHCL,).

Example 32
(R)-2-amino-5-[2-chloro-4-(3-ethylphenylthio)phe-

nyl]-2-methylpentan-1-o0l hydrochloride

|Chemuical formula 66]
bt

~NF

A
S

The compound of Example 21 was reacted in the same

manner as in Example 26 to obtain the target product as a
colorless o1l.

"H-NMR (DMSO-d_, 400 MHz): 3 1.10 (3H, s), 1.15 (3H,
t, JI=7.3 Hz), 1.52-1.58 (4H, m), 2.59 (2H, q, J=7.3 Hz),
2.62-2.66 (2H, m), 3.32-3.39 (2H, m), 5.43 br), 7.15-7.22
(3H, m), 7.26 (2H, d, J=1.8 Hz), 7.32 (2H, dd, J=7.3, 1.8 Hz),
7.81 (3H, br s).

HRESIMS (+): 364.15051 (Caled. for C.,,H,,CINOS:
364.15019).
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Example 33

(R)-2-amino-5-[2-chloro-4-(3-propylphenoxy)phe-

nyl]-2-methylpentan-1-ol hydrochloride

|Chemuical formula 67]

Pr\

The compound of Example 22 was reacted in the same

manner as in Example 26 to obtain the target product as a
colorless amorphous.

"H-NMR (DMSO-d,, 400 MHz): 8 0.86 (3H, t, J=7.3 Hz),
1.11 (3H, s), 1.51-1.61 (6H, m), 2.53 (2H, t, J=7.3 Hz), 2.63
(2H, t, J=6.7 Hz), 3.34-3.42 (2H, m), 5.45 (1H, t, J=4.9 Hz),
6.81 (1H,ddd, J=7.9,1.8,0.9 Hz),6.87 (1H, t, J=1.8 Hz), 6.91
(1H, dd, J=8.6, 2.4 Hz), 7.00 (1H, d, J=7.9 Hz), 7.02 (1H, d,
1=2.4Hz),7.30(1H, t,J=7.9Hz),7.34 (1H, d, J=8.6 Hz), 7.85
(3H, br s).

BSIMS (+): 362 [M+H]*.

HRESIMS (+): 362.19198 (Calcd. for C,,H,,CINO.:
362.18868).

Optical Rotation: [a] 5> '-4.46 (c 1.27, CHCL,).

Example 34

(R)-2-amino-5-[2-chloro-4-(3-chlorophenylthio)
phenyl]-2-methylpentan-1-o0l hydrochloride

|Chemuical formula 68]

Cl S Cl

NH, HCI

OH

Me

The compound of Example 23 was reacted in the same
manner as in Example 26 to obtain the target product as a

colorless amorphous.

'"H-NMR (DMSO-d,, 400 MHz): 6 1.10 (3H, s), 1.49-1.64
(4H, m), 2.68 (2ZH, br s), 3.33 (1H, dd, J=12, 4.9 Hz), 3.38
(1H, dd, J=12, 4.9 Hz), 5.45 (1H, t, J=4.9 Hz), 7.26 (1H, dt,
J=7.3, 1.8 Hz), 7.30-7.43 (5H, m), 7.45 (1H, d, J=1.8 Hz),
7.77 (3H, br s).

HREIMS (+): 370.0 799 (Calcd. for C,.H,,Cl,NOS:
370.0799).

Optical Rotation: [a],,>'=3.81 (c 0.50, CHCL,).
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Example 35

(R)-2-amino-5-| 2-fluoro-4-(3-trifluoromethylphe-
nylthio)phenyl]-2-methylpentan-1-ol hydrochloride

|Chemuical formula 69]
F3C\‘/'\/S\‘/\/F NH, HO
NF \/\/\)é\/OH
Me

The compound of Example 24 was reacted in the same
manner as in Example 26 to obtain the target product as a
colorless amorphous.

'H-NMR (DMSO-d,, 400 MHz): § 1.09 (3H, 5), 1.48-1.61
(4H, m), 2.57-2.64 (2H, br s), 3.32 (10, dd, J=11, 4.9 Hz),
3.37 (1H, dd, =11, 4.9 Hz), 5.44 (1H, t, J=4.9 Hz), 7.20 (1H,
dd, J=7.9, 1.8 Hz), 7.26 (1H, dd, J=9.8, 1.8 Hz), 7.37 (1H, 1,
1=7.9 Hz), 7.54-7.68 (4H, m), 7.74 (3H, br s).

HRESIMS (+): 388.1345 (Caled. for C,,H,,F,NOS:
388.1358).

Optical Rotation: [a],,>*-3.23 (c 0.69, CHCl,).

Example 36

(R)-2-amino-5-[2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]-2-propylpentan-1-ol hydrochloride

|Chemical formula 70]
F5C S Cl
N \‘/\/ NH, HCI

The compound of Example 25 was reacted in the same
manner as in Example 26 to obtain the target product as a
white powder.

'H-NMR (DMSO-d,., 400 MHz): § 0.84 (3H, 1, J=7.3 Hz),
1.20 (2H, g, J=7.3 Hz), 1.36-1.63 (6H, m), 2.68 (2H, t, J=7.3
Hz),3.36 (2H, d, J=4.9 Hz), 5.40 (1H, d, J=4.9 Hz), 7.35 (1H,
dd, J=7.9 Hz, 1.8 Hz), 7.42 (1H, d, I=7.9 Hz), 7.50 (1H, d,
1=1.8 Hz), 7.55 (1H, d, ]=7.9 Hz), 7.58-7.63 (2H, m), 7.67
(1H, d, J=7.9 Hz), 7.69 (3H, br s).

FABMS (+): 432 [M+H]".

Elemental Analysis Measured: C, 53.46%; H, 5.62%; N,
2.98%. Calcd. tor C,,H,CIF;-NOS HCI: C, 53.85%; H,
5.59%: N, 2.99%.

Optical Rotation: [a],>"+3.85 (c 0.63, CHCL,).
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Example 37

(R)-2-amino-5-[2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]-2-methylpentan-1-ol

|Chemuical formula 71]

F3C Cl

NH,

OH

Me

To a solution of the compound of Example 27 (9.3 g) 1n
cthyl acetate (450 mL) was added saturated aqueous sodium
hydrogen carbonate solution (450 mL ), and the resultant solu-
tion was stirred at room temperature for 10 minutes. The
organic layer was washed with water and saturated brine 1n
that order, and then dried over anhydrous sodium sulfate. The
solvent was evaporated, and the resultant residue was purified
by NH-silica gel column chromatography (ethyl acetate:
methanol=4:1) to obtain the target product (8.9 g) as a white
powder.

'H-NMR (DMSO-d,, 400 MHz): 8 0.85 (31, 5), 1.21 (2H,
brs), 1.28 (2H, t, J=8.6 Hz), 1.46-1.67 (2H, m), 2.65 (2H, t,
J=8.6 Hz), 3.06 (2H, brs), 4.49 (1H, brs), 7.32 (1H, dd, J=7.9,
1.8 Hz), 7.40 (1H, d, J=9.8 Hz), 7.47 (1H, d, I=1.8 Hz), 7.54
(1H, dd, J=6.7, 1.8 Hz), 7.56-7.62 (2H, m), 7.65 (1H, dd,
1=6.7, 1.8 Hz).

BSIMS (+): 404 [M+H]*.

Elemental Analysis Measured: C, 56.26%; H, 5.14%; N,

3.40%. Caled. for C, oH, , CIF,NOS: C, 56.50%; H, 5.24%; N,
3.47%.

Example 38

Diethyl 2-{3-[2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]propyl}-2-methylmalonate

|Chemical formula 72]

F3C S Cl

CO,Et

CO»Et
Me

2-Chloro-1-(3-10dopropyl)-4-(3-trifluoromethylphe-
nylthio)benzene and diethyl 2-methylmalonate were reacted
according to the same procedures as in Example 152 of WO
04026817 to obtain the target product as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 8 1.25 (6H, t, J=7.4 Hz), 1.40
(3H, s), 1.51-1.63 (2H, m), 1.90-1.97 (2H, m), 2.73 (2H, t,
I=7.9 Hz), 4.17 (4H, q, I=7.4 Hz), 7.17-7.23 (2H, m), 7.38
(1H,d, J=2.2 Hz), 7.39-7.44 (2H, m), 7.45-7.50 (1H, m), 7.55
(1H, s).

BIMS (+): 502 [M]".
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Example 39

(x£)-5-[2-chloro-4-(3-trifluoromethylphenylthio )phe-
nyl]-2-ethoxycarbonyl-2-methylpentanoic acid

|Chemuical formula 73]

F3C\ AN S\(\/Cl o
S \/W\C02Et
Me

To a solution of the compound of Example 38 (16.8 g) in
cthanol (167 mL) was added potassium hydroxide (2.40 g),
and the resultant solution was stirred at 50° C. for 24 hours. To
the reaction solution was added water, neutralized with 2
mol/LL aqueous hydrochloric acid, and extracted with ethyl
acetate. The organic layer was washed with water and satu-
rated brine in that order, and then dried over anhydrous
sodium sulfate. The solvent was evaporated, and the resultant

residue was purified by silica gel column chromatography
(hexane:ethyl acetate=1:1) to obtain the target product (11.2
g) as a colorless oil.

"H-NMR (CDCl,, 400 MHz): 8 1.26 (3H, t,J=7.4 Hz), 1.47
(3H, s), 1.55-1.66 (2H, m), 1.87-2.06 (2H, m), 2.73 (2ZH, t,
J=7.9 Hz), 4.22 (2H, q, J=7.4 Hz), 7.18 (1H, d, J=7.9 Hz),
7.20(1H,dd,J=7.9,1.8 Hz), 7.38 (1H, d, J=1.8 Hz), 7.39-7.44
(2H, m), 7.45-7.50 (1H, m), 7.54 (1H, s).

ESIMS (+): 475 [M+H]".

Example 40

Ethyl(x)-5-[2-chloro-4-(3-trifluoromethylphenylthio)
phenyl]-2-methoxycarbonylamino-2-methylpen-

tanoate
|Chemuical formula 74]
F3C S Cl
N ‘ Xy NHCO,Me
P F \/\/\C O,Ft

Me

To a solution of the compound of Example 39 (15.8 g) in
benzene (166 mL) was added diphenylphosphoryl azide (7.86
mL) and triethylamine (6.01 mL), and the resultant solution
was heated to reflux for 1.5 hours. The temperature of the
reaction solution was returned to room temperature, and
methanol (20 mL) was added dropwise over 20 minutes. The
resultant solution was heated to reflux for 30 minutes, and
then further sodium methoxide (3.58 g) was added. The
resultant solution was heated to reflux for 1.5 hours. To the
reaction solution was added saturated aqueous ammonium
chloride, and extracted with ethyl acetate. The organic layer
was washed with water and saturated brine 1n that order, and
then dried over anhydrous sodium sulfate. The solvent was
evaporated, and the resultant residue was purified by silica gel
column chromatography (hexane:ethyl acetate=5:1) to obtain
the target product (15.6 g) as a colorless oil.

'"H-NMR (CDCl,, 400 MHz): & 1.25 (3H, t, J=7.3 Hz),
1.32-1.47(1H, m), 1.52-1.67 (1H, m), 1.57 (3H, s), 1.80-1.90
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(1H, m), 2.20-2.37 (1H, m), 2.62-2.76 (2H, m), 3.64 (3H, s),
4.15-4.25 (2H, m), 5.62 (1H, br s), 7.16 (1H, d, J=7.9 Hz),
7.20(1H,dd, 1=7.9, 1.8 Hz), 7.38 (1H, d, J=1.8 Hz), 7.40-7.44
(2H, m), 7.45-7.50 (1H, m), 7.55 (1H, s).
BSIMS (+): 504 [M+H]*.

Example 41

(x£)-5-[2-chloro-4-(3-trifluoromethylphenylthio)phe-
nyl]-2-methoxycarbonyl amino-2-methylpentan-1-ol

|Chemuical formula 75]

F3C S Cl

NHCO,>Me

OH

Me

To a solution of the compound of Example 40 (15.6 g) 1n
THF (249 mL) was added under ice cooling lithium borohy-
dride (3.75 g), and then ethanol (16.6 mL) was added drop-
wise. The resultant solution was then stirred for 1 hour under
ice cooling. To the reaction solution was added 10% aqueous
citric acid, extracted with ethyl acetate, washed with water
and saturated brine in that order, and then dried over anhy-
drous sodium sulfate. The solvent was evaporated, and the
resultant residue was purified by silica gel column chroma-

tography (hexane:ethyl acetate=1:1) to obtain the target prod-
uct (12.9 g) as a colorless oil.

"H-NMR (CDCl,, 400 MHz): & 1.18 (3H, s), 1.54-1.74
(3H, m), 1.78-1.89 (1H, m), 2.73 (2H, t, I=7.9 Hz), 3.63 (3H,
s), 3.56-3.70 (2H, m), 4.23 (1H, br s), 7.17-7.22 (2H, m),
7.38-7.50 (4H, m), 7.54 (1H, s).

ESIMS (+): 462 [M+H]".

Example 42

(x£)-2-t-butoxycarbonylamino-5-| 2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-methylpentan-1-ol

|Chemuical formula 76]

F1C
NHBoc¢

OH

Me

To a solution of the compound of Example 41 (12.9 g) 1n
THF (60 mL) and methanol (120 mL) was added under ice
cooling 5 mol/LL aqueous potassium hydroxide solution (60
ml), and the resultant solution was heated to reflux for 86
hours. To the reaction solution was added water, extracted
with ethyl acetate, washed with water and saturated brine in
that order, and then dried over anhydrous sodium sulfate. The
extract was concentrated, the residue was dissolved 1n 1,4-
dioxane (279 mL), and the resultant solution was charged
with di-tert-butoxydicarbonate (9.13 g). The solution was
stirred at room temperature for 2 hours and then leit to stand
at room temperature overnight. The reaction solution was
added water, extracted with ethyl acetate, washed with water
and saturated brine in that order, and then dried over anhy-
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drous sodium sulfate. The solvent was evaporated, and the
resultant residue was purified by silica gel column chroma-
tography (hexane:ethyl acetate=2:1) to obtain the target prod-
uct (13.0 g) as a colorless o1l.

'"H-NMR (CDCl,, 400 MHz): 6 1.14 (3H, s), 1.42 (9H, s),
1.53-1.74 (3H, m), 1.79-1.92 (1H, m), 2.74 (2H, t, J=7.9 Hz),
3.58-3.69 (2H, m), 4.05 (1H, br s), 4.57 (1H, br s), 7.20-7.22
(2H, m), 7.38-7.50 (4H, m), 7.54 (1H, s).

ESIMS (+): 504 [M+H]".

Examples 43 and 44

(+)-2-t-butoxycarbonylamino-5-[ 2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-methylpentan-1-ol
and (-)-2-t-butoxycarbonylamino-3-[2-chloro-4-(3-
trifluoromethylphenylthio)phenyl]-2-methylpentan-
1-0l

The compound of Example 42 was subjected to optical
resolution using high performance liquid chromatography
(CHIRALCEL OJ-H, hexane:1sopropanol:diethylamine=98:
2:0.1 (v/v), measurement wavelength: UV 278 nm, flow rate:
1.0 mL/min). From the pre-elution portion, an [a] > +15.08
(¢ 0.63, CHCI,) colorless o1l was obtained (Example 43), and
from the post-elution portion, an [c],>°-13.91 (¢ 0.63,
CHCI,) colorless o1l was obtained (Example 44).

Example 45

(—)-2-Amino-3-|2-chloro-4-(3-trifluoromethylphe-
nylthio)phenyl]-2-methylpentan-1-ol hydrochloride

The compound of Example 43 was reacted 1n the same
manner as in Example 26 to obtain the target product as a
white powder.

ESIMS (+): 404 [M+H]".

Optical Rotation: [a],,>-4.48 (c 1.00, CHCL,).

Test Example

Effect on SCID CD4* CD45RB”#” T Cell Transfer
Colitis Model

SCID CD4* CD45RB’&" T cell transfer colitis model has

been reported as a model resembling to Crohn’s disease due
to 1ts histopathological characteristics and the produced
cytokines (Powrie F et al, Immunity, 1, 553-562, 1994). In
addition, this model has also been used for evaluation of a

Test group

Vehicle group

Compound 27 (0.3 mg/kg)
Compound 27 (1 mg/kg)

Compound 27 (3 mg/kg)
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medicine which 1s used in the treatment of inflammatory

bowel disease and its effectiveness has been reported (Liu Z et
al., J. Autormmunl., 29, 187-194, 2007).

C.B-17/Icr-scid/scid Jcl (SCID mice) (female, 8 weeks of
age, mouse to be transterred) and BALB/c Cr Slc (BALB/c
mice) (female, 8 weeks of age, mouse for transier cell prepa-
ration) were obtained and used in the test. CD4* CD45RB"*#”
T cells (naive T cells) prepared from the spleen of BALB/c
mice were transierred intraperitoneally ito the SCID mice at
a concentration of 3x10° cells/body, and then colitis was
induced by breeding 1t for 4 weeks. Preparation of the CD4™
CD45RB"#" T cells was carried out in accordance with the
method of Uraushihara et al. (J. Immunol., 171, 708-716,
2003) and FACSArnaCell Sorter (Becton Dickinson Japan)
was used as a cell separator.

The compound produced 1n Example 27 (compound 27)

was dissolved 1n distilled water and orally administered at
doses of 0.3 mg/kg, 1 mg/kg and 3 mg/kg, once a day for 4
weeks starting on the preceding day of cell transfer. Distilled
water alone was administered to the vehicle group. Body
weight was determined every day during the administration
period. The change ratio (%) of the body weight on the deter-
mination day was calculated based on the body weight on the
day of the start of administration. On the next day of final
administration, blood was collected and the large intestine
was extracted. The total number of leukocytes was measured
using the collected blood. After fixing the extracted large
intestine with formalin, tissue sections were prepared and
hematoxylin-eosin staining was carried out. Evaluation was
performed in accordance with the scoring system (Uraushi-
hara K et al., J. Immunol., 171, 708-716, 2003). That 1s, the
large intestine was roughly divided into 3 regions (proximal
region, middle region and distal region), and scoring was
carried out on the 3 layers, which are mucosa, submucosa and
muscularis, of each region. By totaling the obtained scores of
cach region, the value having the highest total score among
the three regions was used as the score of the individual. The
change ratio of the body weight and the total number of
leukocytes were shown by meanzstandard error and the
pathological score was shown by median.

As shown in Table 1, body weight loss and the total number
of leukocytes were significantly suppressed by the adminis-
tration of compound 27 1n comparison with the vehicle group.
In addition, suppressive effect was found regarding the patho-
logical score. From these results, it was revealed that the
compound 27 shows the suppressive effect on the SCID CD4~
CD45RB"#" T cell transfer colitis model.

TABL.

L1

1

Change ratio of body weight (%) Total number

On the third On the fourth  of leukocytes  Pathological
week week (cells/uL) score
-5.2x+19 -7.6x1.6 3211 £ 393 7
1.1 £1.4 %% -1.0x2.2 2733 £ 561 5
1.5 £ 0.8 *% -14+2.0 1980 x 241 5
0.5+x1.2% -0.8+2.0% 1720 £ 327 * 3.5

The number of amimals: 8 to 10

* <0.05 vs vehicle group (Dunnett’s test)

¥ <0.01 vs vehicle group (Dunnett’s test)
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Formulation Example

Composition

Compound 27 0.1 mg
D-mannitol 247.5 mg
Magnesium stearate 2.5 mg

A mixed powder was produced by mixing the compound
2’7 with D-mannitol and further mixing magnesium stearate
therewith. A capsule preparation was produced by filling this
mixed powder 1n a capsule.

INDUSTRIAL APPLICABILITY

It became possible to provide a pharmaceutical which 1s
usetul for the treatment or prevention of inflammatory bowel
disease by the compound of the invention.

The mvention claimed 1s:

1. A method of treating an inflammatory bowel disease, the
method comprising administering to a patient in need thereof,
an effective amount of a (R)-2-amino-3-[2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-methylpentan-1-0l, or a
pharmaceutically acceptable salt thereof.

2. A method of treating an inflammatory bowel disease, the
method comprising administering to a patient in need thereof,
an elfective amount of a (-)-2-amino-5-[2-chloro-4-(3-tri-
luoromethylphenylthio)phenyl]-2-methylpentan-1-0l, or a
pharmaceutically acceptable salt thereof,

wherein the (-)-2-amino-5-[2-chloro-4-(3-trifluorometh-

ylphenylthio)phenyl]-2-methylpentan-1-0l, or a phar-
maceutically acceptable salt thereot, 1s obtained by:

allowing a compound represented by formula (2) and a

compound represented by formula (10) to react with
cach other in the presence of a base,

(2)
R2

X

A
Z ey

wherein R represents a trifluoromethyl group, R” represents
a chlorine atom, A represents a halogen atom, X represents a
sulfur atom, and n denotes 3,

(10)

OR?

S —
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wherein R” represents a methyl group and R* represents an
alkyl group having 2 carbon atoms,

subjecting a resultant product to acidolysis,
protecting a nitrogen atom with a t-butoxycarbonyl group.,
reducing a resultant protected compound, and

deprotecting the nitrogen atom of a resultant reduced com-
pound.

3. A method of treating an inflammatory bowel disease, the
method comprising administering to a patient in need thereof,
an elfective amount of a (-)-2-amino-5-[2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-methylpentan-1-0l or a
pharmaceutically acceptable salt thereof.

4. A method of treating an inflammatory bowel disease, the
method comprising administering to a patient in need thereof,
an effective amount of a (R)-2-amino-5-[2-chloro-4-(3-trii-
luoromethylphenylthio)phenyl]-2-methylpentan-1-0l, or a
pharmaceutically acceptable salt thereof,

wherein the (R)-2-amino-3-[2-chloro-4-(3-trifluorometh-

ylphenylthio)phenyl]-2-methylpentan-1-0l, or a phar-
maceutically acceptable salt thereol, 1s obtained by:

allowing a compound represented by formula (2) and a
compound represented by formula (10) to react with

cach other 1n the presence of a base,

(2)
R2

\/\/X\

X X
N

A
2Ny

wherein R' represents a trifluoromethyl group, R” represents
a chlorine atom, A represents a halogen atom, X represents a
sulfur atom, and n denotes 3,

(10)

ORrR*

=

RO

R3

wherein R’ represents a methyl group and R* represents an
alkyl group having 2 carbon atoms,

subjecting a resultant product to acidolysis,
protecting a nitrogen atom with a t-butoxycarbonyl group,
reducing a resultant protected compound, and

deprotecting the nitrogen atom of a resultant reduced com-
pound.
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